Two rectangular bars of glass-ceramic A-W, its parent glass G, Bioglass Bg or hydroxyapatite ceramic HAp were respectively bound and soaked in an acellular simulated body fluid for various periods up to 6 months. Tight chemical bond was formed between the two bars after a certain period of time for all these bioactive materials. The ability of forming such bond increased in the order HAp<G=A-W<Bg.
Introduction
It has already been reported by the present authors that glass-ceramic A-W1),2) containing apatite and wolFastonite can form tight chemical bond with living bone in a body3),4) keeping a fairly high mechanical strength for a long time even under load bearing conditions in a body. 5) Animal and clinical experiments for application of this glass-ceramic as artificial bone and tooth root are now being conducted.8) It has also been found that pieces of glass-ceramic A-W can form mutual bond between themselves in a body,9) indicating that when an artificial bone made of this glass-ceramic is separated into pieces by accidental breakage, they can possibly be recom bined with each other in a living body as a natural bone heals.
The present work has been undertaken to examine whether the mutual bond between artifi cial bones is also formed in an acellular simulated body fluid and how such bond is formed. Other bioactive glass and ceramic than glass-ceramic A-W, which form tight chemical bond with living bone, have also been examined in order to discuss the mechanism of the mutual bond formation Table 2 . Ion concentration (mM) of the simulated body fluid and human blood plasma. 
3.
Results and discussion 3.1
Mutual bond Results of the test on mutual bonding of the samples are given in Table 3 .
Glass-ceramic A-W formed such strong mutual bond in one month that one bar of a couple could not be detached from the other by both the tensile and shearing forces. Detaching was hardly made by the torsional force, too. The same result was obtained for the specimens soaked up to at least 6 months. Glass G gave the same results. Glass Bg gave the same result for soaking of one month, but for longer soaking periods, the bonding was stronger to such an extent that any forces of tensile, shearing and torsional one can not detach one bar from the other until the couple is finally broken transversely. Hydroxyapatite ceramic HAp did not form a mutual bond in one month and the same type of the apatite. It had been already confirmed that such type of apatite plays an important role in forming a chemical bond be tween the glass-ceramic and living bone in a body.4),12) The results described above indicate that such apatite phase plays an important role also in forming mutual bond between the glass ceramics in a body. Figure 6 shows a scanning electronmicrograph of a part near the periphery of a transverse cross section of glass-ceramics A-W mutually bonded by 2 months soaking, and a result of electronmic roprobe X-ray analysis of the same section. It can be confirmed from Fig. 6 that a couple of the specimens are bonded only near the periphery and that the bonding phase is rich in Ca and P but deficient in Si and Mg. Similar interface structures were observed also for other samples. Figure 7 shows micro-beam X-ray diffraction patterns of a portion just on and inside the ridge on the interface of glasses G mutually bonded by 4 months soaking. The apatite phase is formed only near the periphery of the interface and that a couple of the specimens are bonded by the apatite phase, in this case too. Figure 8 shows micro-beam X-ray diffraction patterns of a portion just on and inside of the ridge on the interface of glasses Bg mutually bonded by 3 months soaking. In this case, the apatite phase is formed not only just on the ridge but also inside it. Figure 9 shows a scanning electronmicrograph of a transverse cross-section of a couple of glasses Bg mutually bonded by 1 month soaking and a result of electronmicroprobe X-ray analysis of the same section. In this case, glasses are bonded not only near the periphery but also at the central part of the interface by the Ca and P-rich phase. This might be the reason why glass Bg showed the strongest mutual bond among the samples ex amined in the present study . Figure 10 shows micro-beam X-ray diffraction patterns of a portion just on and inside the ridge on the interface of hydroxyapatite ceramics HAp mutually bonded by 4 months soaking . It can be seen from Fig. 10 that the portion just on the ridge gives a little broader peaks although all peaks from both the portion are ascribed to apatite . The broader peaks are characteristic of the apatite phase newly formed in the fluid. This indicates that the mutual bond in the specimens is achieved by the apatite phase formed only near the periphery. The reason why the hydroxyapatite ceramic HAp showed the lowest ability of forming the mutual bond among the examined samples might be attributed to its low activity in forming the apatite phase in the fluid.
